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STRANGENESS PRODUCTION VIA ELECTROMAGNETIC
PROBES: 40 YEARS LATER∗
B. SAGHAI
De´partement d’Astrophysique, de Physique des Particules, de Physique Nucle´aire
et de l’Instumentation Associe´e, CEA/Saclay, 91191 Gif-sur-Yvette, France
E-mail: bsaghai@cea.fr
A brief review of the associated strangeness electromagnetic production is pre-
sented. Very recent K+Λ photoproduction data on the proton from threshold up
to Elabγ = 2.6 GeV are interpreted within a chiral constituent quark formalism,
which embodies all known nucleonic and hyperonic resonances. The preliminary
results of this work are reported here.
1. Introduction
This conference witnessed the advent of thousands of data points from
JLab/CLAS1 and ELSA/SAPHIR2 on the K+Λ and K+Σ◦ photoproduc-
tion on the proton. Moreover, the recent data with polarized photon beam
from Spring-8/LEPS3 and with electrons from JLab4 announce the start of
a new era in this field, ringing the moment of the truth for phenomenolo-
gists!
Actually, this journey started some 40 years ago (see e.g. Ref.5), with
the pionner and significant work performed by Thom6. The data which are
now becoming available, were anticipated some 20 years ago and gave a new
momentum to the phenomenological investigations5,7. Those studies, based
on the Feynman diagrammatic technique, included s-,u-, and t-channel con-
tributions, and produced models differing mainly in their content of baryon
resonances. Later, more sophistications were introduced8,9,10,11,12,13, the
most significant ones being:
i) Introduction of spin- 3/2 and 5/2 nucleonic9,12 and spin-3/2 hyper-
onic resonances10. This latter would not have been possible without the
∗invited talk given at the international symposium on electrophoto-production of
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(to appear).
1
November 15, 2018 13:26 WSPC/Trim Size: 9in x 6in for Proceedings Saghai
2
incorporation10 of the so-called off-shell effects inherent to the fermions
with spin ≥ 3/2, which of course also applies to the relevant nucleon reso-
nances.
ii) Introduction of hadronic form factors at strong vertices and preserv-
ing the gauge invariance of the amplitudes14.
The well known main difficulty in the kaon production, compared to the
pi and η cases, is that the reaction mechanism here is not dominated by a
small number of resonances. This fact implies that we need to embody in
the model contributions from a large number of resonances, the known ones
being shown in Table I. Given that, according to the spin of the resonances,
one needs 1 to 5 free parameters per resonance; it is obvious that a mean-
ingful study of the resonance content of the underlying reaction mechanism
is excluded within such approaches.
Table I. Baryon resonances15 with mass MN∗ ≤ 2.5 GeV. Notations are
L2I 2J (mass) and LI 2J (mass) for N
∗ and Y ∗, respectively.
Baryon Three & four star resonances One & two star resonances
S11(1535), S11(1650), S11(2090),
P11(1440), P11(1710), P13(1720), P11(2100), P13(1900),
N∗ D13(1520), D13(1700), D15(1675), D13(2080), D15(2200),
F15(1680), F15(2000), F17(1990),
G17(2190), G19(2250),
H19(2220),
S01(1405), S01(1670), S01(1800),
P01(1600), P01(1810), P03(1890),
Λ∗ D03(1520), D03(1690), D05(1830), D03(2325),
F05(1820), F05(2110), F07(2020),
G07(2100),
H09(2350),
S11(1750), S11(1620), S11(2000),
P11(1660), P11(1880), P13(1385), P11(1770), P11(1880),
Σ∗ P13(1840), P13(2080),
D13(1670), D13(1940), D15(1775), D13(1580),
F15(1915), F17(2030). F15(2070),
G17(2100).
However, isobaric models provide us with useful tools, if other more
appropriate formalisms allow us to single out the most relevant resonances
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in the reaction mechanism and determine their couplings in order to sig-
nificantly reduce the number of free parameters. Such an opportunity is
offered to us by a chiral constituent quark approach, as discussed in the
next Section. Nevertheless, this latter being a non-relativistic formalism,
can not be applied to the electroproduction processes, other than at low Q2
kinematic region. So, a possible scenario could be to pin down the reaction
mechanism in the photoproduction using the constituent quark formalism,
then pick up the most relevant resonances and their couplings extracted via
the quark model and embody them in the Feynman diagrammatic approach
to study the electroproduction reactions. The capability of Feynman dia-
grammatic technique to provide the elementary operators and be used as
input into the strangeness production on nuclei has already been proven16.
Finally, the advent of realistic elementary operators in line with the above
procedure implies coupled-channel treatments17,18.
In the following Sections, we will focus on the very recent γp → K+Λ
data1,2 and study them via a chiral constituent quark approach based on
the broken SU(6)⊗O(3) symmetry.
2. Theoretical Frame
The starting point of the meson photoproduction in the chiral quark model
is the low energy QCD Lagrangian19
L = ψ¯ [γµ(i∂µ + V µ + γ5Aµ)−m]ψ + . . . (1)
where ψ is the quark field in the SU(3) symmetry, V µ = (ξ†∂µξ+ ξ∂µξ†)/2
and Aµ = i(ξ†∂µξ−ξ∂µξ†)/2 are the vector and axial currents, respectively,
with ξ = eiΠf . f is a decay constant and the field Π is a 3⊗ 3 matrix,
Π =
∣∣∣∣∣∣∣∣
1√
2
pi◦ + 1√
6
η pi+ K+
pi− − 1√
2
pi◦ + 1√
6
η K◦
K− K¯◦ −
√
2
3η
∣∣∣∣∣∣∣∣
, (2)
in which the pseudoscalar mesons, pi, K, and η, are treated as Goldstone
bosons so that the Lagrangian in Eq. (1) is invariant under the chiral trans-
formation. Therefore, there are four components for the photoproduction
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of pseudoscalar mesons based on the QCD Lagrangian,
Mfi = 〈Nf |Hm,e|Ni〉+∑
j
{ 〈Nf |Hm|Nj〉〈Nj |He|Ni〉
Ei + ω − Ej +
〈Nf |He|Nj〉〈Nj |Hm|Ni〉
Ei − ωm − Ej
}
+MT , (3)
whereNi(Nf ) is the initial (final) state of the nucleon, and ω(ωm) represents
the energy of incoming (outgoing) photons (mesons).
The pseudovector and electromagnetic couplings at the tree level are
given respectively by the following standard expressions:
Hm =
∑
j
1
fm
ψ¯jγ
j
µγ
j
5ψj∂
µφm, (4)
He = −
∑
j
ejγ
j
µA
µ(k, r). (5)
The first term in Eq. (3) is a seagull term. The second and third terms
correspond to the s- and u-channels, respectively. The last term is the t-
channel contribution and is excluded here due to the duality hypothesis20.
The contributions from the s-channel resonances to the transition ma-
trix elements can be written as
MN∗ = 2MN
∗
s−MN∗(MN∗ − iΓ(q))e
− k2+q2
6α2
ho AN∗ , (6)
with k = |k| and q = |q| the momenta of the incoming photon and the out-
going meson respectively,
√
s the total energy of the system, e−(k
2+q2)/6α2ho
a form factor in the harmonic oscillator basis with the parameter α2ho re-
lated to the harmonic oscillator strength in the wave-function, and MN∗
and Γ(q) the mass and the total width of the resonance, respectively. The
amplitudes AN∗ are divided into two parts21: the contribution from each
resonance below 2 GeV, the transition amplitudes of which have been trans-
lated into the standard CGLN amplitudes in the harmonic oscillator basis,
and the contributions from the resonances above 2 GeV treated as degener-
ate, since little experimental information is available on those resonances.
The contributions from each resonance is determined by introducing20,22
a new set of parameters CN∗ , and the following substitution rule for the
amplitudes AN∗ :
AN∗ → CN∗AN∗ , (7)
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so that
MexpN∗ = C2N∗MqmN∗ , (8)
whereMexpN∗ is the experimental value of the observable, andMqmN∗ is calcu-
lated in the quark model21. The SU(6)⊗O(3) symmetry predicts CN∗ = 0.0
for S11(1650), D13(1700), and D15(1675) resonances, and CN∗ = 1.0 for
other resonances in Table II. Thus, the coefficients CN∗ measure the dis-
crepancies between the theoretical results and the experimental data and
show the extent to which the SU(6) ⊗ O(3) symmetry is broken in the
process investigated here.
Table II. Resonances discussed in Figs. 1 to 4, with their assignments in
SU(6)⊗O(3) configurations, masses, and widths.
States SU(6)⊗O(3) Mass Width
(GeV) (GeV)
S11(1535) N(
2PM ) 1
2
−
S11(1650) N(
4PM ) 1
2
− 1.650 0.150
D13(1520) N(
2PM ) 3
2
− 1.520 0.130
D13(1700) N(
4PM ) 3
2
− 1.700 0.150
D15(1675) N(
4PM ) 5
2
− 1.675 0.150
P13(1720) N(
2DS) 3
2
+ 1.720 0.150
F15(1680) N(
2DS) 5
2
+ 1.680 0.130
P11(1440) N(
2S′S) 1
2
+ 1.440 0.150
P11(1710) N(
2SM ) 1
2
+ 1.710 0.100
P13(1900) N(
2DM ) 3
2
+ 1.900 0.500
F15(2000) N(
2DM ) 5
2
+ 2.000 0.490
One of the main reasons that the SU(6) ⊗ O(3) symmetry is broken
is due to the configuration mixings caused by the one-gluon exchange23.
Here, the most relevant configuration mixings are those of the two S11 and
the two D13 states around 1.5 to 1.7 GeV. The configuration mixings can
be expressed in terms of the mixing angle between the two SU(6) ⊗ O(3)
states |N(2PM ) > and |N(4PM ) >, with the total quark spin 1/2 and
3/2. To show how the coefficients CN∗ are related to the mixing angles,
we express the amplitudes AN∗ in terms of the product of the photo and
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meson transition amplitudes
AN∗ ∝< N |Hm|N∗ >< N∗|He|N >, (9)
where Hm and He are the meson and photon transition operators, respec-
tively. For example, for the resonance S11(1535) Eq. (9) leads to
AS11 ∝< N |Hm(cos θS |N(2PM ) 1
2
− > − sin θS |N(4PM ) 1
2
− >)
(cos θS < N(
2PM ) 1
2
− | − sin θS < N(4PM ) 1
2
−)|He|N > . (10)
Then, the configuration mixing coefficients can be related to the configura-
tion mixing angles
CS11(1535) = cos θS(cos θS − sin θS), (11)
CS11(1650) = − sin θS(cos θS + sin θS), (12)
CD13(1520) = cos θD(cos θD −
√
1/10 sin θD), (13)
CD13(1700) = sin θD(
√
1/10 cos θD + sin θD). (14)
3. Results and Discussion
The above formalism has been used to investigate the recent data on the dif-
ferential cross sections1,2, as well as recoil1 Λ and beam3 asymmetries. The
adjustable parameters in this approach are the KYN coupling constants
and one strength (CN∗ in Eq. 7) per resonance (Table II). Other resonances
in Table I are included in a compact form and bear no free parameters.
Figures 1 to 4 show the results for three excitation functions at θCMK
= 31.79◦, 56.63◦, and 123.37◦ as a function of total center-of-mass energy
(W ). The choice of the angles is due to the data released by the CLAS
collaboration1.
The full model contains the following terms:
i) Background (Bg): composed of the seagull, nucleon and hyperons
Born terms, as well as contributions from the excited u-channel hyperon
resonances;
ii) High Mass Resonances (HMR): contributions from the excited res-
onances with masses higher than 2 GeV, handled in a compact form as
mentioned earlier;
iii) Resonances: contributions from the excited nucleon resonances (Ta-
ble II).
This model is depicted as full curves in the Figures. Fig. 1 shows the
full model and the two set of data from CLAS1, SAPHIR2 at the same
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angles. Those differential cross section data are compatible at the most
backward angle, but show significant discrepencies at other two angles.
However, the fitting procedure is driven by the CLAS data, which bear
smaller uncertainties. Given the discrepencies between the two data set,
the model reproduces in a reasonable way the experimental results.
In figures 1 to 4, the full model curves are depicted, while in each
figure contributions from individual resonances (Table II) are singled out.
An account of those contributions is given below.
a) S-wave resonances
1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4
W
0.0
0.1
0.2
JLab ; Θ =123o
Saphir
Full model
A = Bg + HMR + S11(1535)
B = A + S11(1650)
0.0
0.1
0.2
0.3
dσ
/dΩ
 
(µb
/sr
)
JLab ; Θ =57o
Saphir
0.0
0.1
0.2
0.3
0.4
JLab ; Θ =32o
Saphir
Figure 1. Differential cross section for the process γp → K+Λ as a function of total
center-of-mass energy (W) in GeV. The full curves are from the model embodying all
known resonances. Contributions from the background terms, higher mass resonances
plus S11(1535) and S11(1650) are shown by dashed and dash-dotted curves, respectively.
The JLab (stars) and SAPHIR (circles) data are from Refs. [1] and [2], respectively.
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In Fig.1 the dashed curves (A) show the sum of contributions from the
background terms (Bg), High Mass Resonances (HMR), and the S11(1535)
resonance. A peak appears at all three angles close to threshold. The other
two terms (specially HMR) have large contributions at forward angles and
higher energies. The second S11 resonance, which comes in, due to the
configuration mixing, suppresses the effect of the first resonance and affects
very slightly higher energy region (curves B).
b) P-wave resonances
The Roper resonance, being far below threshold and in spite of its large
width, has no significant contribution. The P11(1710) introduces a tiny
structure at forward angles around W ≈ 1.7 GeV (curves C). The first P13
1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4
W
0.0
0.1
0.2
JLab ; Θ =123o
Saphir
Full model
C = B + P11(1440) + P11(1710)
D = C + P13(1720)
E = D + P13(1900)
0.0
0.1
0.2
0.3
dσ
/dΩ
 
(µb
/sr
)
JLab ; Θ =57o
Saphir
0.0
0.1
0.2
0.3
0.4
JLab ; Θ =32o
Saphir
Figure 2. Same as Fig. 1, but with contributions from P-wave resonances shown.
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enhances that structure (curves D). The most dramatic effect is due to the
P13(1900). At most forward angle, the curve E gives almost the same result
as the full calculation, especially above W ≈1.8 GeV. At the two other an-
gles, roughly half of the cross section is obtained in the 1.7 ≤W ≤ 2.1 GeV
region. Below W ≈ 1.8 GeV, we witness strong interference phenomena,
while the effects around W ≈ 1.9 GeV correspond to the (almost) on-shell
contributions.
c) Spin-3/2 D-wave resonances
The D13(1520) and D13(1700) affect slightly the extreme angles results.
The first one (curves F) enhances the cross sections corresponding to the
curves E, while the second one suppresses them with comparable strength.
1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4
W
0.0
0.1
0.2
JLab ; Θ =123o
Saphir
Full model
F = E + D13(1520)
G = F + D13(1700)
0.0
0.1
0.2
0.3
dσ
/dΩ
 
(µb
/sr
)
JLab ; Θ =57o
Saphir
0.0
0.1
0.2
0.3
0.4
JLab ; Θ =32o
Saphir
Figure 3. Same as Fig. 1, but with contributions from D13-resonances shown.
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The final curves G are almost identical to the curves E. Here, D13(1700)
contributes again due to the configuration mixing mechanism.
d) Spin-5/2 D- & F-wave resonances
TheD15(1675) shows a noticeable contribution only at the most forward
angle (curves H). In the contrary, the effects of the F15(1680) appear at two
other angles (curves I), and become very important at the most backward
angle above W ≈ 1.8 GeV. Here also we are in the presence of strong
interference mechanisms. Finally, the addition of the F15(2000) leads to
the full curves, allowing us to reproduce data aroundW ≈ 1.9 GeV, as well
as the high energy part of the data at the most backward angle.
1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4
W
0.0
0.1
0.2
JLab ; Θ =123o
Saphir
Full model
H = G + D15(1675)
I = H + F15(1680)
0.0
0.1
0.2
0.3
dσ
/dΩ
 
(µb
/sr
)
JLab ; Θ =57o
Saphir
0.0
0.1
0.2
0.3
0.4
JLab ; Θ =32o
Saphir
Figure 4. Same as Fig. 1, but with contributions from D15- & F15-resonances depicted.
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4. Summary and Concluding remarks
In this contribution, the preliminary results of a chiral constituent quark
model have been compared with the most recent excitation functions mea-
surements at 3 angles from CLAS1 and SAPHIR2. The discrepencies be-
tween the two data set do not allow to reach strong conclusions on the
underlying reaction mechanism. However, the role played by higher spin
and higher mass resonances, such as P11(1900), F15(1680), and F15(2000) is
established. The obtained model reproduces the single polarization asym-
metries from CLAS and LEPS. Those results, shown during the Conference,
could not be reproduced here because of lack of space.
To go further, several directions deserve attention and effort. From
experimental side, single and double polarization data, e.g. being analyzed
by the GRAAL collaboration, will very likely shed a valuable light on the
reaction mechanism issues. From theoretical point of view, the following
points need to be studied24:
i) The same formalism should be used to interpret the data on theK+Σ◦
channel. The forthcoming data from LNS25 on the K◦ will also put more
constraints on the models.
ii) The effect of the third S11 resonance, in line with the ηp final state
investigations20, has to be studied for the strangeness channels. If this
latter resonance has a molecular structure26, it should show up very clearly
in the strangeness production processes.
iii) Given that the SAPHIR data go beyond the resonance region, to
explain highest energy data, one needs very likely to introduce the t-channel
contributions. For the same reason, explicit investigation of resonances with
spin ≥ 7/2 might be relevant.
Once such improvements to the quark models are ensured, then the
coupled channel effects18 have to be considered. The couplings extracted
within the coupled-channel formalisms can then be embodied in the iso-
baric approaches, including a reasonable number of resonances, to produce
the needed elementary operators and study the electroproduction on both
proton and nuclei.
It is a pleasure for me to thank the organizers for their kind invitation
to this very stimulating conference. I am indebted to K.H. Glander and
R. Schumacher for having provided me with the SAPHIR and CLAS data,
respectively, prior to publication. I am grateful to my collaborators Z. Li
and T. Ye.
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